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EDITORIAL REVIEW
The role of the collecting duct in the regulation of excretion
of sodium and other electrolytes
Homer Smith's view on the physiologic significance
of the collecting duct was stated in his textbook, The
Kidney [1]: "The cytology of the collecting tubules
does not suggest any specialized function other than
service as conduits, and they are so treated by nearly
all writers. There is some evidence, however, that may
be interpreted as indicating that they have a reabsorb-
tive function, particularly for water." However, the
development of a number of in vivo and in vitro
techniques to more directly evaluate the function of the
collecting duct' has clearly demonstrated that this
segment is not simply a passive conveyor in which
water and urea equilibrate with the medullary inter-
stitium, but that it is intimately involved in the regula-
tion of the excretion of sodium and other electrolytes.
It is our purpose to summarize the recent findings
which have led to this conclusion. These findings have
been obtained from studies utilizing the isolated cor-
tical collecting tubule preparation, the in vivo papillary
collecting duct technique, end-distal tubule micro-
injections, and from comparisons of end-distal delivery
and fractional excretion of the electrolyte under study.
Although the latter method is indirect and assumes
homogeneity of nephron function, it will be noted that
data obtained in this manner are in agreement with the
results of more direct determinations in virtually each
instance.
Sodium. It is clear that the collecting duct is capable
of active sodium transport. Direct evidence of sodium
transport by the collecting duct was first found by
Hilger, Kiumper and Ulirich, who sampled fluid at
varying distances from the tip of the papillary collecting
duct with a microcatheter [2]. They found an increased
inulin concentration in more distal samples, while the
Na concentration fell. Grantham, Burg and Orloff
found that the transepithelial potential difference (PD)
1 For the purposes of this discussion, we include the connecting
tubule, cortical collecting tubule and collecting duct under this
designation. However, this is not meant to exclude the possibility
that significant functional differences may exist between these
various portions of the collecting duct.
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in the isolated cortical collecting tubule ranged from
21 to 67 my (lumen negative) and that sodium was
transported against an electrochemical gradient [3].
These findings have been confirmed [4—6]. In vivo
determination of the PD across the epithelium of the
papillary collecting duct in golden hamsters has
demonstrated a qualitatively similar value, — 14 my
(lumen negative) [7]. Marsh perfused an isolated renal
papillary preparation and also demonstrated sodium
transport in the collecting duct against an electro-
chemical gradient [8].
Recently, Jamison, Buerkert and Lacy collected
samples of tubule fluid from two different segments of
the papillary collecting duct of rats with hereditary
diabetes insipidus during water diuresis [9]. They
found that the remaining fraction of the filtered sodium
load decreased from 1.03% in the more proximal
segment to 0.26% in the terminal portion of the
collecting duct. Comparing late distal tubule samples
to final urine, these same investigators also found that
5.3% of the filtered sodium was left at the end of the
distal tubule while only 0.8% was excreted in final
urine [10]. If these values obtained in superficial
nephrons are representative of overall sodium delivery
to the collecting duct, the latter nephron segment can
reabsorb almost 5% of the filtered sodium load.
Diezi et al also directly sampled fluid from different
sites along the papillary collecting duct of young rats
[11]. The average distance between the two puncture
sites was 1 mm. As can be noted in Fig. 1, sodium
concentration decreased while the tubular fluid inulin
concentration increased from the more proximal to the
distal collection site. Thus, even along this small
length of collecting duct, net sodium reabsorption was
found to occur. In control rats, 51 5% of the sodium
delivered to the more proximal collection site was
reabsorbed. In contrast, sodium-deprived and saline-
loaded rats reabsorbed 81 and 28%, respectively,
indicating that fractional sodium reabsorption in the
collecting duct could be altered by changes in sodium
balance. Absolute sodium reabsorption, however,
increased directly as a function of load until saturation
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Fig. 1. Relative changes in sodium, potassium and inulin concentra-
tions along the papillary collecting duct in control rats. (From
Diezi et al, Am J Physiol 224:623—634, 1973; reprinted with
permission of the American Journal of Physiology.)
was reached at high rates of sodium delivery during
expansion with isotonic or hypertonic saline solutions.
Under all conditions, sodium reabsorption occurred
against a concentration gradient as determined by
measurements of the sodium concentration in vasa
recta blood.
Thus, active sodium transport occurs in the collec-
ting duct and it accounts for the marked decrease in
sodium concentration in the final urine in appropriate
settings. In addition, the studies of Jamison and Lacy
suggest that the sodium reabsorptive capacity of the
collecting duct can be quantitatively significant [9, 10].
Dirks, Cirksena and Berliner [12] and Cortney et al
[13] demonstrated that saline loading depressed the
fractional reabsorption of sodium in the proximal
convoluted tubule. This finding suggested that the
natriuresis associated with expansion of the extra-
cellular volume was related to the increased delivery of
sodium out of the proximal tubule. However, Howards
et al found that volume expansion with saline or
albumin resulted in a similar depression in proximal
tubular sodium reabsorption, but that saline infusion
was associated with a much greater degree of natriuresis
[14]. Subsequently, a number of other models have
been noted in which proximal tubular sodium reabsorp-
tion was depressed with only trivial changes in urinary
sodium excretion [15—17]. Also, a recent study by
Knox et al demonstrated that a natriuresis could
occur during extracellular volume expansion with no
increase in delivery out of the proximal tubule. During
loading with Ringer's solution, hyperoncotic albumin
was infused into the renal artery to decrease delivery
out of the proximal tubule to a level comparable to that
found during hydropenia. Yet, fractional sodium
excretion was still sixfold greater than in hydropenia
[18].
Sodium transport beyond the proximal tubule has
also been evaluated during expansion of the extra-
cellular volume. Using micropuncture techniques in
the dog [19] and rat [20—22], several investigators have
found that absolute sodium reabsorption is enhanced
in the loop of Henle in response to volume expansion
while changes in fractional reabsorption are more
variable. Kunau [23] and Strieder, Khuri and Giebisch
[24] found an increase in absolute reabsorption in the
distal tubule while fractional reabsorption was
decreased during Ringer's loading. Morgan and
Berliner measured sodium reabsorption in the loop of
Henle and distal tubule of the rat with an in vivo
microperfusion technique during hydropenia and
volume expansion [25]. They found that fractional
sodium reabsorption fell as perfusion rate increased,
but that absolute reabsorption increased. Furthermore,
at any given perfusion rate, saline loading enhanced
sodium reabsorption in the loop of Henle and had no
effect on distal tubular sodium transport. These latter
results made it unlikely that alterations in loop or
distal tubular reabsorption could account for dif-
ferences in sodium excretion at a comparable delivery
rate during volume expansion. The authors suggested
that extracellular volume expansion may inhibit
sodium reabsorption in the collecting duct.
This view has been strengthened by studies in our
laboratory [21] which have compared the segmental
analysis of sodium transport during volume expansion
with l0% body wt Ringer's solution and 0.6% body
wt hyperoncotic albumin. Expansion with both
solutions markedly increased delivery out of the
proximal tubule but to a significantly greater extent in
the Ringer's studies. However, loop reabsorption was
also greater in the Ringer's group so that the amount
of sodium delivered to the early distal tubule was
similar in both groups. Likewise, late distal sodium
delivery did not differ. In contrast, urinary sodium
excretion (12.7 vs. 4.0 Eq mm) and fractional sodium
excretion (5.0 vs. 1.6%) were significantly greater in the
Ringer's group (P <0.001).
As is shown in Fig. 2, at any given end-distal sodium
delivery, urinary sodium excretion was greater in the
Ringer's group, suggesting that alterations in collec-
ting duct transport could account for the differences in
sodium excretion in the two groups. Alternatively,
nephron heterogeneity could be responsible for these
differences. If this were so, it would be necessary to
assume that deep nephron sodium reabsorption was
relatively enhanced by albumin or depressed by saline.
However, Jamison and Lacy [26] found no alteration
in juxtamedullary nephron sodium transport during
expansion at least as far as the bend of Henle's loop,
suggesting that superficial nephrons play the major
(236)
Na K / Inulin
+ 100
o
[I I II I I I II I I
1.2 0.8 0.4 0 1.2 0.8 0.4 0 1.2 0.8 0.4 0
Length, mm
Collecting duct in the excretion of electrolytes 3
S
0.2 0.4 0.6 0.8 110 1.2
Na remaining in distal tubule, nEq/min
Fig. 2. Comparison of end-distal tubule sodium delivery vs. sodium
excretion during Ringer's and hyperoncotic albumin infusion. The
regress equations used were Y= 19.2X—0.73 (r=0.78, P<0.00l)
for the Ringer's group and Y=7.8X—1.6 (r=0.76, P<0.00l)
for the albumin studies. The slopes of these lines are significantly
different (P <0.001). (Reprinted with permission of the Journal
of Clinical Investigation.)
role in increasing sodium excretion in response to
saline loading. Also, as shown in Fig. 2, a linear
relationship was observed between end-distal delivery
and urinary sodium excretion, thus suggesting that
data from end-distal superficial nephrons are repre-
sentative of overall nephron function. To further
verify that the differences in sodium excretion between
the Ringer's and albumin group were due to alterations
in sodium transport in the collecting duct, we per-
formed end-distal microinjections of 3H-inulin and
22Na and measured the recovery of each isotope in the
urine in both groups of studies [21]. This technique
should serve as an index of unidirectional sodium
flux along the length of the collecting duct. The
findings are shown in Fig. 3. 3H-inulin recovery was
virtually complete in both groups. However, 22Na
recovery was significantly greater in the Ringer's
group, with a mean of 7l as compared to 34% in
the albumin group (P < 0.001). These findings confirm
the free-flow data and further suggest that alterations
in lumenal-to-contralumenal transport primarily ac-
count for the differences in collecting duct sodium
reabsorption in these models.
Sonnenberg has also found that altered net sodium
transport in the collecting duct provides an important
determinant of natriuretic response to expansion with
whole blood in the rat [27]. In fact, he noted net addi-
100
tion of sodium from the end of the distal tubule to the
final urine in desoxycorticosterone (DOCA)-pre-
treated rats expanded with blood. In the studies from
our laboratory in which extracellular volume was
expanded with Ringer's solution, we have not found
that fractional sodium excretion was greater than end-
distal delivery in normal rats. Whether this disparity is
due to the pretreatment of the animals, the method of
volume expansion or other factors remains to be
determined.
In another group of studies, Sonnenberg compared
end-distal sodium delivery in salt-loaded "DOCA-
escape" rats and salt-deprived animals [22]. In spite of
a lower value for end-distal delivery in the former
group, sodium excretion was sevenfold to tenfold
greater suggesting that altered collecting duct trans-
port may be responsible for the escape phenomenon.
Nephron function has also been evaluated in states
associated with enhanced sodium reabsorption. Weiner
et al found an increase in fractional reabsorption in
the proximal tubule in rats on a low salt diet that had
also received furosemide several days prior to study
and had a marked reduction in extracellular fluid
volume [28]. In contrast, Willis et al found no dif-
ference in proximal tubular sodium reabsorption
between two groups of dogs with modest differences in
extracellular fluid volume [29]. Auld, Alexander and
Levinsky [30] and Levy [31] found no difference in
proximal tubular sodium transport when observations
in normal dogs were compared with those from dogs
with vena caval constriction, either in hydropenia or
S
S
26
24
20
0
16
U
E 12
C
C
C o
> 110C;-
1000
90
*p<O 001
Hyperoncotic albumin
N= 12• Ringer's
A Albumin
A A
a A
Ringer's
N= 15
I,
ItS
•S •S
. 80
• • >
60
0
A
A a n 40
AA
A A 20
L
•
S
•
S
0
Fig. 3. Summary of end-distal 2Na and 3H-inulin microinjection
studies. (Reprinted with permission of the Journal of Clinical
Investigation.)
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after volume expansion. Yet, urinary sodium excretion
was much greater in the control animals. Similarly,
Schneider et al in dogs [32] and Stumpe et al in rats
[33] found no change in proximal tubular sodium
reabsorption in animals with a chronic arteriovenous
(AV) fistula in which ascites and peripheral edema had
developed. Thus, in the majority of these studies, it
would seem that enhanced sodium reabsorption was
occurring in a distal nephron segment.
Malnic, Kiose and Giebisch found somewhat less
than 1% of the filtered load of sodium left at the end of
the distal tubule in normal hydropenic rats, while 2 to
3% remained in rats on a low sodium diet [34]. Since
urinary sodium excretion was two and one-half times
greater in the control animals, collecting duct sodium
transport was presumably increased in the low salt
rats. Levy compared distal tubular sodium delivery in
control and caval dogs [31]. No difference was found
in hydropenia, but in one group of studies signifi-
cantly greater distal sodium delivery was found in the
control group during volume expansion, 13.7 vs. 8.9%
in the vena caval dogs. However, in a second series of
studies designed to investigate the effect of renal
vasodilatation and increased perfusion pressure in
normal and vena caval dogs, there was only a 1%
difference in distal delivery despite a 3.8% difference
in fractional sodium excretion. More recently, Stumpe
et al have presented evidence suggesting enhanced
loop reabsorption in rats with a chronic AV fistula
[33]. However, since no late distal tubular collections
were obtained, it was not possible to evaluate the role
of collecting duct transport in this model. In addition,
the relationship of this model to other forms of sodium
retention must be defined. Mean arterial pressure was
reduced approximately 25% in these animals. Since
Stumpe and others have demonstrated that changes in
arterial pressure may modify sodium transport in
Henle's loop [35, 36], the findings in the AV fistula rats
may be due in great part to alterations in perfusion
pressure per se and not applicable to other sodium-
retaining states in which perfusion pressure is not
significantly changed.
Recent studies from our laboratory have evaluated
sodium transport in animals with different degrees of
extracellular volume depletion [37]. Three groups of
rats were evaluated: group 1, control rats; group
2, rats maintained on a low sodium diet for three
weeks (moderate depletion); and group 3, rats on a
low sodium diet for three weeks plus furosemide
administration five days prior to the study (severe
depletion).
In hydropenia, proximal reabsorption was similar
in groups 1 and 2 and markedly increased in group 3.
Sodium excretion was fourfold greater in group 1 than
in either group 2 or group 3 rats. After volume
expansion, there were no differences in sodium delivery
out of the proximal tubule or to early and late distal
segments between groups 1 and 2 despite a threefold
greater sodium excretion in the control animals. In
contrast, there was decreased delivery to all nephron
segments in the severely volume-depleted animals. This
suggests that the collecting duct is primarily responsible
for enhanced sodium reabsorption in the animals with
moderate extracellular volume depletion (group 2), a
view that was corroborated by findings of end-distal
microinjection studies.
The mechanism by which collecting duct sodium
transport varies with changes in extracellular fluid
volume is not clear. Certainly, aldosterone has been
shown to increase net sodium absorption in the collec-
ting duct although there is disagreement as to whether
this effect is due to an increase in active transport or
to a decrease in the passive back flux of sodium into
the tubular lumen as suggested by Uhlich, Baldamus
and Ullrich [38]. Yet, the effect of volume expansion
on collecting duct sodium reabsorption seems to be
independent of aldosterone. In the study of Sonnen-
berg, a group of "DOCA-escape" rats demonstrated
reduced collecting duct sodium transport when com-
pared to a group of sodium-deprived rats [22]. In
addition, in the studies from our laboratory previously
mentioned [37], pretreatment of the control rats with
aldosterone did not modify collecting duct transport
either in the free-flow or microinjection studies.
It has been shown that antidiuretic hormone (ADH)
increases sodium transport across a variety of anuran
membranes [39—41]. Data evaluating the effect of ADH
on sodium transport in the collecting duct are less
certain. Burg et al found a transient increase in the
PD of the isolated cortical collecting duct in response to
ADH [6]. Helman, Grantham and Burg observed this
same phenomenon and also found that the electrical
resistance was unaltered, suggesting the ADH in-
creased active sodium transport without any changes in
sodium permeability [4]. Frindt and Burg confirmed
these results in rabbit cortical collecting ducts by
measuring unidirectional sodium flux as well as poten-
tial differences; they found increased lumen-to-bath
flux without any change in bath-to-lumen flux in
response to vasopressin administration [5]. Ullrich et
al, however, reached opposite conclusions in studies of
the rat papillary collecting duct [42]. They found that
ADH enhanced diffusion into the collecting duct with-
out altering the active transport of sodium. Tadokoro
and colleagues reported similar findings in the isolated
perfused rat renal medulla [43]. Luke performed
clearance studies in the rat, and also suggested that
ADH increases sodium back flux into the collecting
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duct [44]. These conflicting results on the effect of
ADH on sodium transport by the collecting duct may
be due to species differences, investigational technique
or possible differences in the response of cortical and
papillary segments of the collecting duct to vaso-
pressin administration. It is not clear at this time
whether alterations in ADH secretion can significantly
modify in vivo sodium transport in the collecting duct.
It has been repeatedly demonstrated that expansion
of the vascular volume alone is associated with only
modest changes in sodium excretion as contrasted to
models in which the volume of the interstitial com-
partment is also increased [14, 21]. This difference in
sodium excretion may primarily be due to differences
in collecting duct transport as demonstrated by com-
parison of the effects of hyperoncotic albumin
(vascular volume expansion) and Ringer's loading
(vascular plus interstitial volume expansion) [21]. In
the study comparing normal and sodium-deprived
rats, data were obtained suggesting that the latter
group also had interstitial volume depletion [37]. Thus,
it may be that alterations in the interstitial compart-
ment regulate sodium transport in the collecting duct.
It is conceivable, in fact, that secretion of the long
sought natriuretic hormone might be regulated by
alterations in the interstitial compartment and
primarily act on collecting duct transport.
Potassium. In an extensive series of studies by Mal-
nic, Klose and Giebisch and Malnic, de Mello Aires
and Giebisch, net addition of potassium along the
distal tubule has been noted in virtually all circum-
stances tested except metabolic acidosis and chronic
potassium deficiency [34, 45, 46]. In these free-flow
studies, collecting duct potassium transport was evalu-
ated by comparing end-distal potassium delivery and
fractional excretion. There was little difference in these
two indexes except in sodium- and potassium-
deprived rats where the fractional excretion of potas-
sium was always less than end-distal delivery.
Several direct studies of collecting duct potassium
transport have been performed. Hierholzer catherized
the papillary collecting duct of the hamster and found
that the increase in tubular fluid-to-plasma potassium
ratios from more proximal-to-distal collection sites
exceeded the increase in inulin concentration ratios in
KC1 and Na2SO4-loaded animals receiving acetazola-
mide [47]. Grantham, Burg and Orloff studying the
isolated rabbit cortical collecting duct also demon-
strated that potassium secretion could occur in this
nephron segment [3].
Diezi et al found that net potassium transport in
the collecting duct varied with the model tested Ill].
In control rats (Fig. 1), potassium and inulin con-
centrations increased in parallel from the more proxi-
mal to the distal collection site. Thus, no net transport
of potassium was found in this 1-mm segment of the
papillary collecting duct. Similar findings were noted
during saline loading. In contrast, net reabsorption
was found in both sodium- and potassium-depleted
rats. It should be noted that these findings lend
validity to any comparison of end-distal potassium
delivery with fractional excretion since these results
are in complete agreement with the free-flow studies
discussed herein. Variable results were found in K-
loaded rats where net secretion was found in eight of
the 13 studies. From these data, it would seem that the
collecting duct can modify the potassium content of
final urine in certain experimental circumstances.
However, Bank and Aynedjian have recently pre-
sented data suggesting an even more important role
for the collecting duct in the regulation of potassium
transport [48]. In studies in Sprague-Dawley rats,
potassium reabsorption was demonstrated along the
length of the distal tubule in control rats and animals
who had three-fourths of the total renal mass removed.
There was a large net addition of potassium in the
final urine in this latter group and no definite change
in the urinary potassium/inulin ratio in the control
rats when compared to late distal values. No addition
of potassium occurred beyond the distal tubule in the
three-fourths nephrectomized rats when potassium
was removed from the diet. In control rats infused
with 0.1 SM KC1, potassium reabsorption was still
present along the distal tubule while there was a marked
addition of potassium in the final urine. From these
studies, the authors concluded that the collecting
duct was the major regulator of potassium excretion
in both the normal and three-fourths nephrectomized
rats. They suggested that the differences in these
findings and those of Malnic, Giebisch and associates
[34, 45, 46] were due to the type of rats utilized. In
Sprague-Dawley rats, approximately 750/s of the distal
segments available for puncture have the histologic
characteristics of the distal convoluted tubule, while in
Wistar rats this figure is reduced to S0%; the re-
mainder of the available segments are early collec-
ting duct in type [49]. Thus, in the Wistar studies, it
was possible that the marked increase in the potassium
concentration was, in fact, occurring in early collecting
tubules. Yet, even if this were the case, it seems rea-
sonable that in Sprague-Dawley rats, some indication
of potassium secretion should be noted since 19% of
these distal segments also were histologically collecting
ducts [49]. In addition, the results of other studies of
potassium transport in Sprague-Dawley rats have not
confirmed these findings. In our own studies early and
late distal tubules were localized with lissamine green
and tubular fluid samples were obtained during hydro-
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penia and Ringer's loading [50]. There was net addi-
tion of potassium along the distal tubule in each of
ten hydropenic studies, and in seven volume expansion
studies. In hydropenia fractional potassium excretion
was consistently less than end-distal delivery while
these two indexes were not significantly different
during volume expansion. Kunau has also studied
potassium transport in Sprague-Dawley rats using a
technique in which he collects samples from an early
and late distal segment of the same tubule [51]. In a
number of models, he has found net addition of
potassium in the late segments and, in all cases, a
decrease in the potassium/inulin ratio in final urine
when compared to end-distal samples. Whether these
results differ from those previously cited [48] because
of variations in a given strain of Sprague-Dawley rats
or other technical aspects remains to be determined.
The factors regulating collecting duct potassium
transport have not been clearly established. In the
isolated cortical collecting tubule, potassium secre-
tion was felt to be due to active transport but was, in
some manner, dependent on Na reabsorption [3].
Diezi et al, studying the papillary collecting duct,
found in all but one experimental model that net move-
ment of sodium and potassium were in the same
direction or that sodium reabsorption greatly exceeded
potassium secretion [11]. Only in potassium-loaded
animals did the ratio of sodium reabsorption to
potassium secretion approach unity. Moreover, they
could not consistently demonstrate net potassium
secretion in the papillary collecting duct. On the other
hand, potassium reabsorption was clearly found in
sodium- or potassium-depleted animals. These authors
speculated that net potassium reabsorption might
occur in sodium-depleted animals as a result of
decreased sodium delivery to the terminal collecting
duct, resulting in a lower PD at this site and thereby
decreasing passive potassium entry into the lumen.
This explanation may, indeed, be valid for the most
distal collecting duct due to the enhanced sodium
reabsorption in more proximal portions of this seg-
ment. It should be noted, however, that Malnic et al
found net potassium reabsorption over the entire
length of the collecting duct in sodium-depleted
animals, even though end-distal delivery was greater
in this group than in control animals that did not de-
monstrate net reabsorption [34].
The mechanism by which potassium depletion
affects collecting duct potassium transport is likewise
unclear. If this finding reflects decreased secretion, it
is possible that the intracellular potassium concen-
tration is diminished and that the concentration
gradient favoring entry of K from cell to lumen
would be decreased. In this regard, Khuri, Agulian
and Kalloghlian measured intracellular potassium
concentration in distal tubular epithelial cells and
found it to be low in animals maintained on a low
potassium diet [52].
The role of aldosterone in regulating collecting
duct potassium transport has not been adequately
evaluated. Yet, the finding of net reabsorption of
potassium along the collecting duct in salt-depleted
animals [34] with presumably elevated endogenous
mineralocorticoid concentrations suggests that this
hormone cannot overcome other stimuli favoring net
reabsorption.
Silva, Hayslett and Epstein recently noted that
Na-K-ATPase rose in the outer medulla rats on a high
potassium intake. This effect was independent of
mineralocorticoid concentrations. Since this enzyme
is present in high concentration around the collecting
duct, it may be of great significance in the transport of
both sodium and potassium in this portion of the
nephron [53].
Acid?fication. The ability of the collecting duct to
augment urinary hydrogen ion excretion has been
directly shown in the papillary collecting duct.
Hierholzer catheterized the papillary collecting duct
of the golden hamster and demonstrated a progressive
fall in pH along the length of the segment [47]. Using
a similar preparation, Ullrich et al found that the
increase in ammonium ion concentration from proxi-
mal to more distal collection sites greatly exceeded the
increase in inulin concentration [54]. Finkelstein and
Hayslett compared ammonium ion excretion in
papillectomized rats and two-thirds nephrectoniized
rats. Though inulin clearance, urine pH and titratable
acid excretion were similar in both groups, ammonium
ion excretion was 507 less in the former group,
further indicating ammonia secretion by the papillary
collecting duct [55].
Malnic, de Mello Aires and Giebisch studied hydro-
gen ion transport in rats [56]. Assuming nephron
homogeneity and comparing end-distal bicarbonate
delivery with urinary excretion, they demonstrated
net reabsorption of bicarbonate by the collecting duct
in all states of acid-base balance. In metabolic acidosis
the collecting duct reabsorbed more than 90% of the
delivered bicarbonate compared to less than 10% in
metabolic alkalosis. It is possible that these results are
due to differences in the absolute rate of delivery of
bicarbonate to the collecting duct. However, com-
paring acetazolamide-treated animals with NaHCO3-
loaded rats with metabolic alkalosis in which absolute
end-distal delivery was similar, they found more than
65% reabsorption in the former compared to less than
10% in the latter group. In addition, these data suggest
that approximately 17% of the filtered load of bicar-
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bonate is reabsorbed in the collecting duct in the
acetazolamide-treated animals.
Chloride. Diezi et al directly studied chloride
transport in the terminal collecting duct in control
and chloride-depleted rats [11]. The latter group of
animals exhibited significantly greater chloride reab-
sorption along this segment. The vasa recta-to-collec-
ting duct chloride ratio of 8.4 in chloride-depleted
animals indicates reabsorption against a high con-
centration gradient. Further, the observed PD of this
nephron segment is much lower than that necessary to
generate this marked concentration difference, indica-
ting that chloride transport along the terminal
collecting duct in chloride-depleted animals is an
active process.
Calcium. Only inferential data are now available
concerning calcium transport in the collecting duct.
Lassiter, Gottschalk and Mylle found that 3% of the
filtered load of calcium was left at the end of the
distal tubule, while fractional excretion was 0.2%
[57]. Le Grimmellec, Roinel and Morel, using a ran-
dom puncture technique, found that fractional cal-
cium excretion was 7% less than that delivered to
puncture sites along the distal convoluted tubule [58].
However, no attempt was made to localize end-distal
tubules. Recently, Edwards et al have studied calcium
transport in the dog kidney [59]. These investigators
found that 10% of the filtered calcium was delivered
to distal puncture sites in animals undergoing a
modest saline diuresis, while fractional excretion
was only 3.5%. Interestingly, values for the fractional
delivery and excretion of sodium were quite similar to
those for calcium in these dogs. Since sodium transport
in the collecting duct is inhibited during Ringer's
loading [211, it is conceivable that the increased calcium
excretion in these volume-expanded animals was also
due to alterations in collecting duct transport.
Magnesium. Information on distal magnesium trans-
port is scant. Wen, Evanson and Dirks studied mag-
nesium transport comparing distal delivery from
random puncture sites and urinary magnesium excre-
tion in the dog and found net reabsorption during
saline diuresis. During magnesium loading, however,
they found net addition of magnesium from the distal
puncture site to the final urine [60]. Similar results
were found in the rat by Le Grimmellec et al [61]. It is
not clear whether these alterations occur in the late
distal tubule or collecting duct or both.
Phosphorus. Numerous studies have confirmed that
the bulk of filtered inorganic phosphorus is reabsorbed
by the proximal tubule [17, 62—64]. The fate of phos-
phorus escaping proximal reabsorption is less certain.
Le Grimmellec et al [58] and Amiel, Huntziger and
Richet [62], using random distal tubular punctures,
consistently found a lower fractional excretion rate
than the delivery of phosphorus to the puncture site.
However, the failure of investigators to demonstrate
any significant reabsorption of 32P after end-distal
microinjection makes it less likely that any substantial
phosphorus transport occurs in the collecting duct [64].
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